NASA Facts

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23681-0001

FS-1996-05-06-LaRC

May 1996

NASA Contributions to the C-17 Globemaster IlI

Aeronautical con-
cepts conceived at
NASA in the last four
decades have been incor:
porated into the
military’s next genera-
tion of jet transports, in-
cluding the Air Force’s
McDonnell Douglas C-
17 Globemaster III.

Four NASA centers

bly line in 1991.

contributed to the C-17: Ames Research Center in Mountased the NASA-derived technologies that had been made avail-

McDonnell Douglas photo

The first McDonnell Douglas C-17 Globemaster 11l rolled off the assem-

to reach an operational
hardware status. The
Defense Department
launched its Cargo-Ex-
perimental (C-X) pro-

gram in 1979, and the
Air Force selected

McDonnell Douglas as
the manufacturer of the
envisioned C-17 in

1981. The company

View, Calif.; Dryden Flight Research Center in Edwards, Cable to industry in the last four decades. The first C-17 rolled
lif.; Langley Research Center in Hampton, Va.; and Lewis Reff the assembly line in 1991.

search Center in Cleveland, Ohio.
The C-17 has performance characteristics that distinguRbwered Lift

it from its predecessors, including long-range capability, out- A key element of the aircraft is a flap system developed by
standing aerodynamic efficiency, ease of ground operatioageam of researchers at NASA Langley Research Center in
heavy cargo payload capability, and ability to perform extetire mid-1950s. The “externally blown flap” or “powered-lift

sive airdrops over hostile territory and
make precision landings and takeoff
from short or makeshift runways.

“The C-17 is the right airplane at
the right time,” said Norbert Smith, a
McDonnell Douglas senior manager
“It's an airlifter that our deployed
forces will get much use from, as dem
onstrated at Tuzla Airfield in Bosnia.
It has today’s technologies and will
take the Air Force into new conceptg
in operations and deployments wel
into the future.

“With the C-17,” Smith said, “ both
the Air Force and McDonnell Douglas
have benefited significantly from the
contributions of NASA's innovative
technology applications.”

The C-17 program is a prime ex-

ample of the often-lengthy aerOSpaC?\IASA Langley technician Greg Shanks

t_echn_ology maturation process — th?nspects a high-wing military transport model
time it takes for technology conceptsyeqyeen wind tunnel testing.

[
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system” enables the airplane to make
slow, steep approaches with heavy
cargo loads.

The steep approach helps pilots
make precision landings with the air-
craft, touching down precisely in the
spot desired on limited runway sur-
faces. This was accomplished by di-
verting engine exhaust downward,
giving the wing more lift. In the flap
system, the engine exhaust from pod-
mounted engines impinges directly on
conventional slotted flaps and is de-
flected downward to augment the
wing lift. This allows aircraft with
blown flaps to operate at roughly
twice the lift coefficient of that of con-
ventional jet transport aircraft.

The concept was studied exten-
sively in Langley’s wind tunnels, in-
cluding tests of flying models in the
30 x 60-Foot Tunnel. The flap, which



is patented, has been applied to models of jet transports witimghorn series Learjet, and further tested on a large DC-10

both conventional and swept wings.

aircraft as part of the NASA Aircraft Energy Efficiency

(ACEE) Program. Winglets were installed on a KC-135A

Flight Controls & Displays

tanker on loan from the Air Force and flight tested at NASA

Included in the Air Force procurement specification fddryden in 1979 and 1980. Eventually, winglets were applied

the C-17 was Short Takeoff and Landing (STOL) capabilityte the C-17.
the ability to take off and land on short runways. Research
aimed at this capability was conducted on flight simulatoFy-by-wire

and the Augmentor Wing Research Aircraft at NASA Ames Another NASA contribution to the C-17 was fly-by-wire
Research Center in Mountain View, Calif. During the devdlight-control technology, a lower volume, lightweight
opment program, McDonnell Douglas conducted simulatiorsplacement for hydraulic control systems. This developed
on the Vertical Motion Simulator to develop the C-17 flighfrom the F-8 digital fly-by-wire program that began at

control system and head-up display.

Dryden in the 1960s. In a flight research program that began

Ames performed flight demonstrations with the Quiet Shart 1972, Dryden demonstrated the feasibility of the concept,

Haul Research Aircraft (QSRA) to
show the Air Force and McDonnell
Douglas design features of the fligh
control system and head-up display. Th
features would provide precision-ap- |
proach path control and accurate lanc %
ing performance for the C-17. s =
Results of the flight demonstrations=——""1
were applied to the design of the .~
aircraft's spoiler control system and:
flight-path symbology on the head-uf
display to achieve the anticipated im

and digital fly-by-wire technology

was first used on a production aircraft
— the F-18 — in 1978. Since then it has
been incorporated into many other
aircraft, including the C-17.

Engine Research

NASA Lewis and the Energy
Efficient Engine Program contributed
technologies to the F117-PW-100
(PW2037) engines on the C-17. These
technologies led to improved perfor-

Air Force photo

mance and efficiencies of the fan,
compressor and turbine components
and overall superior fuel consumption
for this engine.

provements. Ames provided the Air _ o
Force and McDonnell Douglas with in-~ Bradley Fighting Vehicle is unloaded
. . from a Charleston Air Force Base, S.C.,
formation on wind shear response ang ;7 4t Tuzla Airfield, Bosnia-
control techniques that were investiyerzegovina.
gated in STOL simulations.
The techniques have been incorporated by the Air Forc&damposite Materials
C-17 operating procedures. Finally, Ames extensively briefed NASA Langley played a major role in developing com-
the Air Force on aerodynamic performance, stability and cqosites technology incorporated on components of the C-17
trol, flying qualities, augmented control and displays and flighesign. Sixteen-thousand pounds of composite materials have
test techniques for powered lift aircraft to prepare for the Geen applied to the aircraft. Several of the major control sur-
17 flight test program. face and secondary structural components of the C-17 are made
of composites.
Supercritical Wing The most direct contribution to C-17 applications was the
Like other military transports, the C-17 uses development of the DC-10 graphite-epoxy upper aft rudders.
“supercritical” wing. These are advanced airfoil designs thelhese rudders have accumulated more than 500,000 flight
enhance the range, cruising speed and fuel efficiency ofhjetirs since they were introduced into regular airline service
aircraft by producing weaker shock waves that create less drag976. The high-time rudder alone has flown for 75,000
and permit high efficiency. This major innovative technologyours. The control surfaces of the C-17 follow the same multi-
was conceived through NASA Langley wind tunnel researdb configuration as the DC-10 rudders.
in the 1960s. The agency researched the idea in actual flight in
an F-8A at NASA Dryden and later on an F-111 aircraft. National Recognition
Recently, McDonnell Douglas was recognized for the in-
The Winglet novative nature and soundness of the C-17 design when it re-
In the mid-1970s, NASA Langley developed the wingleteived the Collier Trophy for 1994, U.S. aviation’s greatest
concept through wind tunnel research. Winglets are small,annual achievement award.
winglike vertical surfaces at each wing-tip of an aircraft that
enable the airplane to fly with greater efficiency. They curv@ore Information
flow at the wingtip to produce a forward force on the More information is available from these NASA public
airplane, similar to the sail on a sail boat. The concept wasffairs offices: « Ames: (415) 604-3347 « Dryden (805) 258-
first demonstrated in flight on a corporate Gates Model 283449 « Langley: (804) 864-6123 « Lewis: (216) 433-2901.



